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This ;s a Library Circulating Copy ~hich may be borrowed for two weeks. For a personal retention copy, call Tech. Info. Dioision, Ext. 5545 ,. c: in some solids and, stating the limitations for his purpose, developed a procedure for determining ferrous iron in ferrites. However, his approach is unsuitable for the decomposition of glass. A method described by P. Close et al. (2) for the ferrous analysis in glass was selected. They recommend a hydrofluoric-sulfuric acid mixture for the dissolution of glass under an inert atmosphere, followed by a cerate titration of the liberated ferrous ion. The ferrous results obtained by this procedure in our laboratory were widely scattered, and our attempt to modify the method did not improve the precision.
The method presented here is based upon the fact that the cerate ion is stable for an extended period over the temperature range from 20C>C to lOOC>C in the hydrofluoric-sulfuric acid mixture. This permits the instantaneous oxidation of the released ferrous ion by a known excess of standard cerate during the dissolution of the glass and thus obviates the need for an inert atmosphere. The results obtained on glass samples by this procedure are precise and the accuracy of the determination on simulated samp::Les was within 1%: The method is also applicable to the determination of ferrous oxide in magnesium oxide. The formal oxidation potentials for theceric-cerouscouple and for the ferric-ferrous couple are estimated in the glass-dissolving acid mixture and their importance is discust'ed. The procedure was further employed in -3- Micro washout pipets, guaranteed ~rto contain rr within ±0.01% of the stated volume, were used to aliquot the standard solutions and the indicator. Hydrofluoric acid was aliquoted with 2.0 ml plastic pipets. A previously described lead column reductor was used in determining the total uranium (3) and the total iron (4) . The potential measurements were made with a Digi-Tec digital DC voltmeter.
Reagents. All chemicals used were reagent grade unless otherwise specified. Potential Measurements. The formal oxidation potential measurements of the ceric-cerous couple were conducted in' a 100 ml polyethylene cell, using a platinum wire and a Lingane type saturated calomel electrode (SCE )combina,tion.
Diffusion of the potassium chloride into the cell and contact of the glass e1e ctrode with hydrofluoric acid is not desirable, therefore the electrical contact through the cell was accomplished by allowing the SCE bridge to dip into a 5~ ammonium nitrate solution, and by bridging from there into the cell by a bees' wax-coated U-tube having an upturned tip. The agar-agar salt bridge I was avoided because strong oxidants are known to attack it (5). The entire cell and associated parts were immersed in a 25.0° ± O.loC constant temperature bath.
The solution used consisted of 1.00 ml of 0.099~ ceric ion and 1.00 ml of O. 099~ cerous ion, both in .J...M sulfuric acid, 10 ml of hydrofluoric acid, 10 ml of sulfuric acid, and 20 ml of water. The mixture was stirred continuously with a magnetic stirrer while potential measurements were made at 5 min intervals.
The measurement of the ferric-ferrous formal oxidation potential was made in the same cell as described above. In this caFe the bridge solution was saturated potassium sulfate, since contact of a divalent iron solution with J strong nitrate solution might result in oxidation of the ferrous ion.
The ferric-ferrous potential measurement was made on a solution similar to the UCRL-18655 one above, but containing 1.00 ml of O. 0988~ ferric ion and 1. 00 ml of O. 0999!i ferrous ion instead of cerium. Prior to aliquoting the iron into the acid ..
water solution, the mixture was purged of oxygen with a chip of Dry Ice.
Carbon dioxide gas was direc'ted over the surfqGf; of the solution during the time the potential measurements were made.
Recommended Procedures -Standardization of O.OlM eeric Sulfate: Deliver a 3 ml aliquot of the O.~ standard iron solution into a 30 ml platinum crucible and fume to almost dryness with 1 ml sulfuric acid and 2 ml hydrofluoric acid.
Transfer the sample to a 50 ml beaker, add 5 ml of 4~ hydrocl1loricacid, and dilute to 25 mL Wash the hon through a lead column reductor with six 25 :ml . An independent determination for total uranium must be made on another portion of the sample in order to calculate the change in valence.
DISCUSSION
Ferrous and Ferric Iron: The instantaneous oxidation of divalent iron .released upon dissolution of a glass s~ple has obvious benefits. However, the strong oxidant selected must be stable with respect to light, time, and temperature, and it must be compatible with the highly acidic glass-dissolving mixture.
Dichromate and permanganate proved useless. On the other hand, sulfato cerate, in molar sulfuric acid, is stable to light; it has an exce.llent, long-term stability, and it can be boiled several hours without decomposition (6 and 7).
Also, data obtained in this laboratory indicate that it is stable in the hydrofluoric-sulfuric acid mixture, employed in the reco:mmended procedure, for at least six days at room temperature and for more than 24 hours at 100°C.
When sulfato cerate is added to a soluti()n containing hydrofluoric acid, the familiar yellow disappears. This was unexpected. Apparentiy fluoride.
complexes ceric ions and probably decreases the oxidation potential of the system. It was thought, therefore, to be of some value to estimate the formal A study was made to correlate the particle size of aconnnercial glass with the time required for dissolution, and, to determine whether there was any relationship between the particle size and the iron(II) content found.
The glass was ground in a Diamonite mortar and sieved to give >20 mesh, <20 mesh, <48 mesh, <80 mesh, and <100 mesh. Approximately 100 mg of each mesh size was dissolved in duplicate for 150 minutes in the hydrofluoric-sulfuric A potentiometric determination of micro amounts of ferrous iron described in the literature (10) seemed to have several drawbacks; in particular, that the glasses submitted for analysis could not be dissolved within five minutes as could those cited. Our method was therefore tested on the semi-micro scale.
Standard glasses are not available and had to be simulated by using iroD:",free quartz wool and known quantities of standard ferrous ammonium sulfate. The amount of Fe (II) found was within 1% of the amount added, (Table I) . Table II . illustrates the pr(~cisioll obtained for analysis of industrial glasses containing -10- . UCRL-186 5 5 1% or less ferrous iron. The anaIYtical data quoted by the manufacturer for ferrous and for total iron were usually lower than the results obtained with the proposed method.
For the determination of total iron, an inert atmosphere was eliminated by receiving the reduced eluent in an excess of standard cerate, which is backtitrated with standard ferrous ammonium sulfate. The titration endpoint could be observed more carefully without the Dry Ice, splashing of the sample solution was avoided and, the solutions did not have to beti tratedimmediately. The accuracy obtained with a series of simulated samples was within 0-3% of the amount of total iron present.
Furthermore, ratios of Fe(II:Il:I) were determined in magnesium oxide crystals which were used in electron paramagnetic resonance studies._ The ratios obtained by the recommended procedure, but omitting hydrofluoric and boric acid, were in good agreement with the theoretical values.
The method applies to g.lasses and to materials which do not contain reducing substances other than ferrous iron and which can be dissolved at 100°C or less. It should be feasible to determine micro amounts of ferrous iron by .a slight modification of the proposed method in which the final titration with ferrous ammonium sulfate is substituted by a spectrophotometric determination of the excess cerate at 350 mfl.
The suggested procedure has the following advantages over existing methods for the FeO determination in glass: 1) better precision, 2) elimina,-tion of an inert atmosphere for the ferrous iron as well as for the total iron determination, 3) stability of the oxidant at 100°C, and 4) simplicity of operation with common, inexpensive laboratory equipment. Many samples may be determined simultaneously during one eight-hour working day.
.. A pink, single crystal, consisting of calcium fluoride and uranium in the +3 oxidation state as evidenced by the characteristic color, was analyzed in quadruplicate. The precision was ±0.13%. Not enough material was available to permit the determination of total ur:anium and therefore, the initial valence could not be confirmed.
A green, single crystal, however, was analyzed for total uranium by two independent methods. Neutron activation analysis in duplicate gave 0.79% ~ and 0.82% uranium. A spectrophotometricdet~rmination in duplicate (12) resulted in 0.81% and 0.80% uranium. The determination of the change in oxidation state of the uranium by cerate titration to urani um(Vr) gave a value of 2. 06'(±5%), indicating the presence of uranium(rV) in the crystal. Table III. Obviously, the method, cannot be used without modification if mixtures of several valences and/or reducing substances are present. Additional inves,· tigations of the various oxidation states of uranium in calcium fluoride and in other solid materials are in progress.
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